The growing population in the modern world has resulted in an increase in waste generation 44 and stockpiles. 
Introduction
The high living standards and growing population in the modern world has led to an increasing 66 amount of waste production. Consequently, waste management has become a serious concern 67 globally ). The conventional approach of waste management is 68 landfilling. However, this is not a proper solution due to many drawbacks such as high 69 landfilling costs and limited availability of land in many countries ). As 70 a result, the need for other solutions for management of wastes is required. One of these 71 approaches is the application of waste materials in industries in which substantial amount of 72 materials is required, such as in civil engineering applications, and in road pavement 73 construction. However, usage of wastes in pavement bases/subbases requires sufficient 74 knowledge about the engineering and geotechnical properties of these waste materials. 75
Annually, approximately 190 million tonnes of plastics is produced in the world, of which 66 76 million tonnes is polyethylene. As an average, 8-12% of the total municipal waste stream 77 consists of plastics. This percentage varies from country to country, depending on factors, such 78
as lifestyle, quality of life and income level (Wong et al. 2015) . In Australia, this percentage is 79 estimated to be about 16%, with an annual production of plastics waste of 2.24 million tons in 80
2008 (Bajracharya et al. 2016 ). Production of plastics has increased annually due to the 81 population growth and industrial applications as well as its low production cost. Plastic wastes 82 are a prime contributor to the increasing amounts of municipal waste (Meran et al. 2008) . Two 83 products of the plastic industries are Low Density Polyethylene (LDPE) and High Density 84 Polyethylene (HDPE). HDPE is stiffer, higher in tensile strength, and better in heat resistance, 85 while LDPE is more flexible (Schwartz 2002) . The mechanical properties of HDPE and LDPE 86 including elongation and tensile strength have been reported by Meran et al. (2008) to be blended with LDPE and HDPE granules in this research. 108
The granules are raw products of plastic recycling industries, and no further procedure is done 109 to turn them into strips of fibers. The aim is to investigate the applicability of these granules in 110 pavement base/subbase applications to reduce the need for landfilling. However, since the 111 polyethylene plastic in this research is intended to be used in form of granules instead of 112 reinforcing fibers, slight degradation of RCA properties is expected. Hence, a range ofLDPE plastics granules used were processed by-products obtained from plastic recycling. 116
Application of the processed granule products, if the requirements are met, is important since 117 it saves costs and effort needs to be spent to convert them into fibers or strips, but at the same 118 time fulfills the aim of reusing the waste plastics instead of dumping these in landfills. 119
Accordingly, a range of geotechnical tests were conducted to evaluate the mechanical and 120 stiffness properties of RCA/HDPE and RCA/LDPE blends. The concept used, in terms of using 121 RCA in blends with HDPE or LDPE for pavement base/subbase applications is novel and will 122 lead to a significant reduction of these waste materials being landfilled. 123
Materials and Methods 124
The materials used in this research included RCA blended with HDPE and LDPE granules. 125
These were provided from recycling industries in Victoria, Australia. Table 1 presents the  126 properties of these waste materials. 127 Figure 1 shows the particle size distribution of RCA, as well as blends of RCA with 3% and 128 5% of HDPE and LDPE contents. Evidently, the plastics contents did not cause significant 129 changes in the particle size distribution of the blends. Results of the compaction and CBR tests on blends of 95% RCA and 5% HDPE/LDPE are 151 presented in Table 2 . Obviously, blending RCA with plastic granules with a low specific 152 gravity resulted in a low MDD. CBR values corresponding to 2.54 mm penetration for both 153 blends are about 100, which is the limit for pavement base layer application. As a result, in 154 order not to reach a CBR value lower than the authorities' requirements for applicability in 155 pavement base/subbase layers, blends of RCA with 5 and a lower plastic content, i.e., 3% were 156 selected as the following: RCA95/HDPE5, RCA5/LDPE5, RCA97/HDPE3, and 157 RCA97/LDPE3. Also, in order to investigate the result of introducing these plastic granules, 158 all tests were conducted on pure RCA as well. there are many other methods available, these were selected since their input data was available 180 and these were suitable for granular material applications. 181
Unconfined Compressive Strength (UCS) test was carried out to determine stiffness 182 characteristics of the compacted specimens. UCS test is a popular testing procedure for 183 evaluation of pavement material. Since RLT testing is a nondestructive procedure, the same 184 specimens after completion of RLT testing were used for the UCS tests. In addition to8 the UCS tests. E is the ratio on the stress versus strain curve at the elastic zone where the strains 187 are recoverable. E50 is the slope of the line that is drawn from the origin to the stress at half of 188 the UCS peak value on the stress-strain curve. Lateral displacement was measured using three 189 lateral LVDTs mounted in the triaxial cell, forming 120 ̊ angles and pointing to the mid-height 190 of the specimen, to determine Poisson's ratio ( ). Poisson's ratio is defined as the ratio of lateral 191 strain to axial stain under axial loading in the elastic zone of the axial stress-axial strain curve 192 and specifies the extent to which a specimen can be compressed (Thom 2008) . Figure 2 shows 193 the specimens prepared for UCS and RLT tests using 3% and 5% of HDPE. The HDPE 194 particles are more visible in the specimen with 5% HDPE than in the 3% HDPE. 195
Results and Discussion 196
The stress-strain curves of the four blends obtained from UCS testing is illustrated in Figure  197 Table 3 . This modulus is in fact the slope of stress-strain curve at the elastic zone, where the 241 strains are recoverable. Under the same stress, a high E value means a low recoverable strain 242 and accordingly a high resilient modulus. 243
Two other factors that can cause high Mr values of RCA/HDPE compared with those of 244 RCA/LDPE are particle shape and particle roughness. In terms of particle roughness, Scanning 245
Electron Micrograph (SEM) was employed to characterize the particle surface. 
266
where σ3, σd and σb are respectively, confining, deviator and bulk stresses, pa is atmospheric 268 pressure, τoct is octahedral shear stress, and k1 to k3 are model parameters. 269 "Poor" fit. Statistical measurements calculated and presented in Figure 9 show that test data 291
show an "Excellent" fit for both of these models. This means that resilient behavior of these 292 blends can be evaluated or predicted through these established models, in spite of existence of 293 plastic granules in them. 294
Conclusions 295
In this research, two types of recycled waste materials, being RCA and with polyethylene 296 plastic blends (HDPE and LDPE) were evaluated for their stiffness and resilient characteristics. 297
Since the polyethylene plastics in this research were used in form of granules instead of 298 reinforcing fibers, slight degradation of RCA properties was observed. The following results 299 are obtained from the outcomes of this research: 300 1-Samples prepared by adding 3% and 5% LDPE or HDPE indicated CBR values 301 comparable to that of typical quarry materials, and these blends could be used in 302 base/subbase layers. Blends of RCA/HDPE showed a higher CBR values. 303 2-Specimens containing HDPE particles showed greater UCS values and higher Young's 304 modulus compared with LDPE blends. SEM images showed there was no significant 305 difference in roughness of HDPE and LDPE particle surfaces, this could be attributed 306 to lower sphericity of LDPE particle compared with cylindrical shape of HDPE 307 particles. Generally, a greater plastic content results in lower stiffness parameters of 308 specimens, including E, E50 and ν values. Click here to download Figure Figure_4_5%_Mr .pdf 
